ABSTRACT To evaluate the relationship between plasma levels of immunoreactive atrial natriuretic hormone (IR-ANH) and different hemodynamic parameters in man, we studied 34 patients undergoing right heart catheterization. Plasma levels of IR-ANH in blood samples withdrawn from the femoral vein (n = 28), right ventricle (n = 27), and left ventricle (n = 17) were determined by radioimmunoassay. Right atrial pressure, pulmonary arterial wedge pressure, heart rate, and mean arterial pressure were found to be independent and significant predictors of IR-ANH plasma levels. The closest correlations were between right atrial pressure and either right ventricular IR-ANH levels ( evidence of congestive heart failure.14 The purpose of this investigation was to establish the relationship between different hemodynamic parameters and plasma IR-ANH levels in man.
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Methods
Study population. Thirty-four patients (33 men and one woman) undergoing right heart catheterization for clinically indicated purposes were studied after informed consent was obtained. Left heart catheterization was also performed in 21 of these patients. Ages ranged from 39 to 74 years (59 + 2). Longterm medications included diuretics in 19 , nitrates in 18, X3-blockers in 14, calcium-channel blockers in 10, digitalis in 10, and vasodilators in five patients. Eighteen had left ventricular ejection fractions calculated from contrast ventriculograms, whereas ejection fractions were obtained in 13 from radionuclide ventriculograms. Heart rate, arterial blood pressure, and cardiac output by the thermodilution method were measured, as were pressures in the right atrial, pulmonary arterial, and pulmonary arterial wedge positions. Cardiac index, mean pulmonary arterial pressure, mean systemic arterial pressure, pulmonary vascular resistance, and systemic vascular resistance were calculated from standard fornulas. Before administration of contrast medium and after each patient had been supine for at least 15 min, 7 ml blood samples were withdrawn from the femoral vein (28 patients), right ventricle (27 patients) , and left ventricle (17 patients) for determinations of IR-ANH levels. A 7 ml blood sample was also withdrawn from 32 patients for determination of plasma renin activity. Samples were drawn into EDTA tubes, placed on ice, and separated within 15 min. Plasma samples were stored at -70°C until they were processed.
Plasma levels of IR-ANH were measured by radioimmunoassay. 14 normal hemodynamics (right atrial pressure 5 + 1 mm Hg; pulmonary arterial wedge pressure 8 ± 1 mm Hg). Peripheral IR-ANH levels were 20 ± 6 pmol/ liter, whereas central IR-ANH levels (n = 6) were 42 + 10 pmol/liter. Four patients (Nos. 1 1 to 14) with chronic obstructive lung disease had normal left ventricular function (ejection fraction 70 + 3%), normal pulmonary arterial wedge pressure (13 ± 1 mm Hg), and mildly elevated right atrial pressure (1 1 + 1 mm Hg). Peripheral IR-ANH levels were 41 ± 9 pmol/liter and central IR-ANH levels (n = 3) were 49 ± 4 pmol/liter. Five patients (Nos. 15 to 19) had significant mitral valve disease, normal left ventricular function (ejection fraction 68 ± 6%), mildly elevated right atrial pressure (10 ± 1 mm Hg), and high pulmonary arterial wedge pressure (27 ± 2 mm Hg). Peripheral IR-ANH levels were 60 ± 14 pmol/liter and central IR-ANH levels (n = 4) were 167 + 120  1080  102  1236  108  1180  122  617  106  1328  94  941  80  1392  150  1417  110  1098  95  1193  107  1027  195  1327  238  1816  124  1600  74  1116  622  2311  111  1822  171  1523  152  1105  1568  130  1427  856  119  1055  368  1514  415  2074  250  1275  291  1120  98  591  248  1181  416  1888  240  1480  400  1964  147  1339  239 6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34   68  90  69  66  68  61  84  70  55  62  67  77  62  74   64  60  62  85   26  30  25  16  14   10  36  30  12  24  10  35  27   60  80  60  68  88  64  68  66  58  72  60  58  54  50  112  96  66  80  78  96  90  100  72  108  95  148  104  90  84  88  100  103  56  72   3  2  6  4  4  S  7  7  5   12  10  11  10  13  10  8  7  10  28  6  7  8  9  9  18  13  19  20  19  24  23  15  15   6  2  7  7  6  6  10  10  10  12  15  10  14  14  28  32  30  20  27  10  40  31  28  32  27  36  20  20  19  28  24  33  19  33   15  9  15  21  13  14  15  19  17  19  23  20  25  21  32  53  35  29  39  69  46  20  35  49  41  46  40  28  42  41  30  44  28  50   84  87  93  75  92  85  94  92  75  93  89  78  95  100  73  88  90  87  97  77  72  83  70  79  79  69  90  67  82  78  61  77  97  89 heart rate; MAP 4) . Right atrial pressure (r = .73), pulmonary arterial wedge pressure (r = .70), heart rate (r = .75), and mean arterial pressure (r = .67) were found to be independent and significant predictors of central IR-ANH plasma levels by multivariate analysis. The hemodynamic variable that best correlated with IR-ANH was right atrial pressure. Although the correlations of right atrial pressure with both central IR-ANH levels (r = .78, p < .001) and peripheral IR-ANH levels (r = .52, p < .006) were significant, patients with isolated left ventricular failure (Nos. 21 to 25) had plasma levels of IR-ANH elevated out of proportion to their levels of right atrial pressure. Similarly, the correlations of pulmonary arterial wedge pressure with central IR-ANH levels (r -.46, p < .002) and peripheral IR-ANH levels (r = .58, p < .002) were significant, although the elevated IR-ANH level in patient 20 with isolated right heart failure was out of proportion to the pulmonary arterial wedge pressure.
Comparison adrenal, and brain receptors for IR-ANH'9W21 furnish strong evidence that ANH is a hormone. Whereas injection of ANH in animals1-5 and human volunteers8 '9 produces natriuresis and diuresis, the role of IR-ANH in the normal physiologic regulation of salt and water balance is not well defined because plasma assays have only recently become available. Tikkanen et al.,' however, found natriuretic effects with plasma levels of 120 to 330 pg/ml (40 to 1 10 pmol/liter) after the injection of ANH, suggesting that the plasma levels seen in patients with congestive heart failure are physiologically significant.
Volume expansion increases plasma levels of ANH in man. A diet high in sodium,'4 saline infusion,22 head-out water immersion,23 and renal failure24 25 are all associated with elevated ANH levels. The predominant stimulus for ANH release in animal preparations appears to be direct atrial stretch.
Dietz`0 found increased natriuretic activity in perfusate from rat heart-lung preparations with high central venous pressures, but not from preparations with low central venous pressures. Lang et al.`measured significant increases in plasma IR-ANH after saline loading induced atrial pressure elevation in rats. Ackermann and Rudolph'2 demonstrated that volume expansion in rats with fixed right atrial pressure did not result in the natriuresis and diuresis that control rats exhibited when right atrial pressures were not fixed.
That direct atrial stretch, and not reflex neural stimulation of atrial receptors, releases ANH has recently been reported by Ledsome et al.'3 in a canine preparation. Nemeh directly into the left atrial cavity, a step-up in plasma IR-ANH levels between the right and left ventricle would be expected. Conversely, it is unlikely that IR-ANH is metabolized in the pulmonary circulation because plasma IR-ANH levels do not decrease from right ventricle to left ventricle. Significant peripheral metabolism of ANH is probable, however, since venous levels are half those of ventricular levels.
Since altered atrial pressure appears to have a major influence on secretion of ANH, further investigations into the mechanisms that regulate ANH secretion in man should include atrial pressure measurements.
